Objective: Lung cancer is not only one of the most prevalent cancers but is also a lethal disease with a very low 5-year survival rate. Delay in diagnosis further reduces the chance of early treatment and worsens patients' survival. The purpose of this study was to understand the delay in the diagnosis of lung cancer under the healthcare system in Taiwan, and to identify the factors associated with it. Methods: A total of 840 patients diagnosed with lung cancer who had completed or were undergoing cancer treatments were recruited from a medical center in central Taiwan from July 2007 to January 2011. Structured questionnaires were administered regarding demographic characteristics, factors associated with their time to diagnosis and the length of delay in days. Results: Mean age was 62.68 years with 52.16 days to diagnosis on average. Number of hospital visits before confirmation of diagnosis differed significantly with the level of healthcare institution initially visited (P , 0.001). Compared with patients who had three or more hospital visits, patients who only visited two and one hospital(s) had a significant 34.91-day (95% confidence interval: 16.29 -53.53) and 42.25-day (95% confidence interval: 20.76 -63.76) reduction in their time to diagnosis (P , 0.001). Conclusions: As the number of hospital visits increased, the delay in diagnosis also increased. It is vital to shorten the time to diagnosis for lung cancer patients by limiting the number of medical visits and educating the public to restrict excessive use of medical resources and strengthen their trust in medical professionals.
INTRODUCTION
As of 2010, lung cancer is the second leading cancer for men and the leading type for women. According to the statistics published by the Department of Health, Executive Yuan, Taiwan, 11.9% (9516/79 818) of cancer cases were diagnosed with lung cancer in 2008 (1) , and the disease caused a total of 8194 deaths in 2010, accounting for 20.0% of all cancer deaths (2) . Of all cancer deaths, mortality rates for lung cancer were 20.8 and 18.5% for men and women, respectively. Although markedly low, the 5-year survival rate for women (15%) was slightly higher than that for men (10%) (3), compared with 5-10% worldwide (4) . These low survival rates could be potentially due to the inattentiveness toward unapparent or even asymptomatic signs at an early stage, and delay in diagnosis further reduces the chance of early treatment and worsens patients' survival (5-7).
Prompt diagnosis, together with the advancement in medical treatments, on the parts of both the service providers and patients carry out the potential to significantly improve the survival of these patients. Success of surgical resection, in particular, depends greatly on early diagnosis while the locality of the tumor remains un-metastasized (8 -10) . Therefore, delay in the pre-diagnosis process should be effectively minimized. Currently, different definitions and methods for categorizing delayed diagnosis exist. A previous study has divided delayed diagnosis into three segments, namely patient delay, physician delay and system delay. Patient delay denotes the gap between awareness of symptoms and initial visit to the primary physician. Physician delay or general practitioner delay, also known as 'GP delay', indicates the gap between initial visit to the primary physician and commencing of lung cancer examinations. System delay refers to the period between the lung cancer examinations and treatment, which also involves delays in referral, diagnosis and treatment (11) . Another study referred to delayed diagnosis as a combination of patient delay and provider delay (12) . Provider delay was further divided into diagnosis delay and treatment delay, where the former refers to the period between a patient's initial visit and diagnosis confirmation, and the latter refers to the period between diagnosis and the start of treatment (13 -15) . All these definitions, however, were characterized under health systems where referral mechanism exists.
Because the referral system relies heavily on the contextual framework of a nation's healthcare service delivery, the ties between delay in diagnosis and patient healthcareseeking behavior essentially depict the determining factors for survival rates of these cancer patients. Taiwan adopts a single-payer, universal healthcare system, the National Health Insurance (NHI) whose coverage rate currently lies over 99% (16) . With this healthcare system, people can access any level of healthcare institutions, from primary clinics, district hospitals, regional hospitals, to medical centers at their free will. No restriction is placed on the number and the level of care institution the patient wishes to attend. Treatments for severe disease such as lung cancer and services used in the pre-diagnosis stage are mostly covered by the NHI, but only medical institutions of sufficient magnitude could provide such advanced technology such as tumor imaging. Relative differences in co-payment and quality of services, however, still exist across different hospital levels. Hence, patients' healthcare-seeking behavior can really vary with regard to their physical accessibility to medical services, amount of out-of-pocket payment, selfawareness of the disease condition and symptoms, and their perception of 'best-suited' physicians/hospital known to cure the disease. Variation in this behavior inevitably impacts the length of delay incurred in the pre-operative stage of lung cancer patients, and thus, their survival.
Although past research has examined various aspects of delay in diagnosis, most focused on the influence of the primary physician and referral systems of the healthcare system (17) . This system in Taiwan, however, differs from the system of other countries in that insurance beneficiaries have the freedom of choice in seeking medical assistance. This is worthy of investigation to understand the delay in diagnosis of lung cancer under the NHI in Taiwan, and to identify the factors associated with it.
PATIENTS AND METHODS
The study sample recruited 840 patients diagnosed with lung cancer from a medical center in central Taiwan from July 2007 to January 2011. At the time of survey, these patients had either completed or were undergoing cancer treatments. Consent was obtained from all participants included in the study. A structured questionnaire was used to conduct one-on-one interviews and included items relating to demographic characteristics (age, gender, marital status, educational level and employment status), factors associated with their time to diagnosis (hospital level, examination performed on initial visit, number of medical visits before confirmed diagnosis) and the length of delay in days. All items were answered on a recall basis. To test its validity, the questionnaire was designed and evaluated by five healthcare professionals specialized in thoracic oncology. The protocol of this study was approved by the Institutional Review Board at the China Medical University Hospital (DMR96-IRB-78).
The four hospital levels were categorized in accordance with NHI's classification of medical institutions by their accreditation criteria. We believe that this parameter reflects patients' preference and their healthcare-seeking behavior under universal coverage. The type of examination on the initial visit would indicate if relative advancement in medical technology on the provider's side effectively reduces delay in diagnosis. By studying the number of hospital visited before a confirmed diagnosis, the consequence of a deficient referral system as well as the patients' perception of the hospital and/or their trust toward the service provider would be illustrated. The type of examination upon the initial visit was also analyzed for the reason that the technology available on the provider's side that could determine the length of delay in diagnosis.
Currently, delayed diagnosis is being recognized in the international community under the assumption that a referral system and primary physician mechanisms are present in the healthcare systems. It is different in the case of Taiwan where patients can access any level of healthcare institution without requiring referral from a primary physician. For the purpose of this study, 'delay in diagnosis' has been defined as the period from a patient's initial medical visit to any hospital to his/her confirmed diagnosis of lung cancer, and has been compared in relative terms with a reference group in our analyses. This period should capture the paths of patients' healthcare-seeking behavior and delays between visits (18,19).
Descriptive analyses were used to describe patients' demographic profile, factors associated with their delay in diagnosis, and the length of their delay before confirmed diagnosis. T-tests and one-way analysis of variance were performed to test the differences between groups and their mean delay. The highest level of healthcare institution referred to medical centers, followed by levels of regional hospitals, district hospitals and local clinics. Multiple regression analysis was finally conducted to predict key factors affecting the delay in lung cancer diagnosis with consideration of other covariates. All statistical analyses were performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Demographic characteristics of the study participants were shown in Table 1 . Mean age was 62.68 years with 52.16 days to diagnosis on average for the studied subjects. More males (55.90%) were recruited than females (44.10%), with the majority of patients being married (94.84%), belonging to the 61 -70 years age group (25.69%), or having obtained an elementary school degree (38.89%). Women generally experienced a longer delay in diagnosis (56 days) compared with men (49 days). Patients of 51 -60 years of age experienced the longest time to diagnosis (55 days) among all age groups. Patients whose highest level of education was elementary school experienced longest delay in diagnosis (58 days) among all education groups. However, patients who were divorced or separated had the overall longest delay in diagnosis (93 days) in the univariate analysis. Regarding employment status, the largest group consisted of participants who were unemployed (25.98%), followed by the participants working as housekeepers (20.61%) and retirees (18.05%). Patients working in the education discipline had the longest mean time to diagnosis of 83 days. No significant relationship, however, was found between patient demographics (gender, age, marital status, education level and 
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Delayed diagnosis in lung cancer employment status) and the number of days until diagnosis (P . 0.05). Table 1 identified the significant factors related to medical visits before diagnosis: service level (P ¼ 0.036) and examination type on initial visit (P ¼ 0.011), and total number of service visits prior to a confirmed diagnosis (P , 0.001). It was only 43 days before diagnosis was confirmed for those who made only one medical visit. For those who visited the medical center on their first service visit, the mean time to diagnosis was 46 days. We further observed the absence of a statistically significant difference between different stages of lung cancer and diagnostic delay (P ¼ 0.461).
Cross-tabulated results in Table 2 showed that the number of hospitals visited before a confirmed diagnosis was in association with the hospital level upon the first medical visit made by these patients. Nearly 65% of patients made more than one medical visit. Among those who only made one total visit, 87.29% visited a medical center on their initial visit, whereas of those who made three or more visits, only 14.10% visited a medical center on their initial visit. The number of hospital visits before confirmation of diagnosis differed significantly with the level of healthcare institution initially visited (P , 0.001) ( Table 2) .
Multiple regression analysis was performed to predict the key factors associated with the delay in diagnosis. Compared with patients who had three or more hospital visits (reference group), patients who only visited two and one hospital(s) had a significant 34.91-day [95% confidence interval (CI): 16.29 -53.53] and 42.25-day (95% CI: 20.76 -63.76) reductions in their time to diagnosis (P , 0.001) ( Table 3) . Regarding the variable 'the level of the healthcare institution a patient initially visited', when 'general clinic' was used as reference, patients who visited a medical center, regional hospital and district hospital on their initial visit experienced a statistically insignificant reduction of 10.25, 11.40 and 19.63 days in their time before diagnosis, respectively. Patients who received an X-ray together with computer tomography (CT) scan on the initial visit experienced a reduction of 7.49 days, although not statistically significant, in the delay in diagnosis (P ¼ 0.535). For patients who received only an X-ray on the first visit had a reduction of 0.84 days (P ¼ 0.945).
DISCUSSION
The data presented here show that the greatest reduction in time to diagnosis was observed when the patient only visited one hospital before diagnosis after adjusting for effects of service level and examination type on the initial visit. Although the choice of hospital level at the first medical attendance appeared to be an important factor, its effect was rendered insignificant in the final analysis after adjusting all factors related to medical visits before diagnosis.
To our knowledge, this is the first study to evaluate the factors associated with absolute time to diagnosis as well as relative delay in diagnosis in consideration of numerous predictors from the standpoint of the lung cancer patients under a referral-free healthcare system. We investigated the number and level of healthcare institutions a patient visited before a confirmed diagnosis and the type of examination given in response to their visit. Average GP delay and specialist delay for diagnosing lung cancer in the UK was 32 (symptom to There was a sum of 766 (91.19%) of subjects (n ¼ 840) who had initial visits to hospital level services (i.e. 376 þ 241 þ 149). chest physical referral) and 82 (chest physician referral to operation) days, respectively (10) . Compared with 52.16 days observed in our study, which consisted of the additional delay potentially caused by making more than one medical visit before diagnosis, the length of delay is seemingly short in the absence of a regular referral mechanism. Another study using survey results of the National Health Service indicated a 33.1-and 12.6-day delay in average GP delay and secondary care delay, respectively-exclusive of a mean 51.8-day patient and primary care delay (17) . Two Scandinavian studies conducted revealed that the lag between the initial visit to the GP and diagnosis confirmation among patients with lung cancer was 88 and 97 days, respectively (20, 21) . While most studies found a delay relatively longer than what we have identified, a Turkish study reported that the average delay in a diagnosis for lung cancer was just 41 days (18) . Because the countries that have been investigated are very distinct not only in their healthcare systems, but also very much in their cultural and local contexts, we believe further examination into their health service delivery and healthcare-seeking behavior is worthwhile.
In Taiwan, there is no referral system based on the primary physician mechanism, which means that people can access any healthcare institution to obtain opinions from different physicians without a referral from their primary care physician. With such a critical disease like lung cancer, patients' limited knowledge of the disease or skepticism about the physician at their initial visit tempted them to seek second opinions at other hospitals or higher-level healthcare institutions. Therefore, the period between a patient's initial visit and the diagnosis confirmation does not necessarily involve delay due to referrals, although in most highly suspected cases, clinic or district hospital physicians would still refer them to larger facilities like regional hospitals or medical centers. For this reason, we believe this is why the delay in diagnosis may be prolonged because of this 'physician shopping' behavior. Most of the patients in this study visited two or more hospitals before a confirmation of their diagnosis. As the number of hospital visits increased, the delay in diagnosis also increased.
From how this study was designed, we could not directly relate the delay in diagnosis to patient survival. We also could not precisely estimate the 'safe' window of this duration for lung cancer patients to have a favorable prognosis as it would require more detailed description on the histology and location of the tumor. What we have identified, however, were possible factors that could prolong this delay in the current health system. Among those that only visited once, the greatest reduction in time to diagnosis was observed. In addition, most recruited patients who only made one medical visit before diagnosis chose to visit the highest-level medical centers. This is a mere representation of the current health-seeking situation for patients in Taiwan in which they seek technological advancement with heightened expectations-one phenomenon greatly aggravated first by having as many as four medical centers in the 20 km-radius vicinity of central Taiwan, and second, by the NHI as it attempts to reduce cost by waiving the registration fee for multiple visits in the same institution, which is most likely to be medical centers with multiple disciplinary practices and advanced medical imaging technologies like the chest CT. Therefore, patients with lung-cancer-like symptoms would most likely visit medical centers, unless they were initially unaware of their condition or they reside in more remote areas where access to local clinics and district hospitals are more likely.
This, however, does not suggest that the first medical visit to medical centers may be the most cost-effective measure for the patient and the NHI. Registration fees (compulsory copayment made on each medical visit: $210 New Taiwan Dollars (NTD; $29.8NTD ¼ $1US year 2010) for a visit to medical center and $140NTD for regional hospital) and the cost of a CT scan are higher than an X-ray. Since we did not recruit non-lung cancer patients, we could not estimate the amount of costs incurred for those non-cases who visited a medical center on initial visit with suspected lung cancer symptoms. There should be a balance between costs spent and the outcome gained from reduction in time to diagnosis.
On the other hand, of those who attended three or more medical services prior to diagnosis, the majority picked regional or district hospitals first. This implies that without the presence of a referral system, lung cancer patients who visited local clinics or district hospitals on their first medical visit would likely be paying two or more medical visits before a confirmation of their diagnosis. Even so, there were a considerable proportion of participants who sought two or more medical visits subsequent to their initial visit to a medical center.
This study only recruited lung cancer patients from a medical center in central Taiwan, an area containing 4 million people. To collect data, this study requested patients to recall their diagnosis process. Hence, the presence of recall bias regarding the dates of hospital visits is likely. Patients may not be aware of the level of the healthcare institution of their initial visit, leading to a bias in classification. One other limitation in this study was that it did not consider patients' initial symptoms. More serious symptoms, such as weight loss or hemoptysis, may be more likely to prompt further investigation of the disease. Factors concerning service providers, such as a physician's seniority and experience on interpretation of a chest CT scan, can also affect their diagnosis of lung cancer and the length of delay. Future studies could look into incorporating these factors for a more extensive examination.
It appears that the foremost goal to shorten time to diagnosis for lung cancer patients may be to reduce the number of medical visits and that these visits do not necessarily need to be at medical centers, given the current diagnostic standard in the country. We need to educate the public through community action to prevent excessive use of medical resources and heighten their trust in today's medical
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Delayed diagnosis in lung cancer professionals. Moreover, we should shift our focus toward disease prevention. The NHI program has been implemented for 17 years in Taiwan, and the associated healthcare system is relatively stable and mature. Patients are highly satisfied with the program and its progress since its inauguration (22) . Nevertheless, the number of patients diagnosed with lung cancer is increasing in Taiwan and its health system is still focused on disease treatment, rather than disease prevention and early detection (22) . We hope through findings of this study, factors associated with the delay in diagnosis for lung cancer patients could be depicted. This is to thoroughly understand the influences on lung cancer diagnosis by patients' health-seeking behavior and diagnosis capabilities of healthcare institutions at different levels in the NHI environment without a referral mechanism.
CONCLUSION
This study highlighted that without a referral mechanism, the 'physician shopping' behavior of patients with cancer further delays the diagnosis. More hospital visits before diagnosis is confirmed to lead to a longer delay in diagnosis, which reduces the chances of early treatment and survival. Although the NHI program enables people to receive healthcare services under a comprehensive healthcare delivery system, excessive hospital visits for lung cancer not only wastes medical resources, but also leads to a longer delay in diagnosis, minimizing the chance of early treatment. This study reminds the public of the symptoms of early-stage lung cancer and provides health education.
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